ABSTRACT A respiratory survey was undertaken in chrysotile asbestos miners in British Columbia consisting of a questionnaire, spirometry, chest radiography, and physical examination. The tests were performed in 1977 and again in 1983. The population groups studied included 63 "exposed" (working in the plant more than nine years), 52 "controls" (working in the plant less than five years), and 38 residents of the village at the minesite. A subset of 39 was identified with high exposure (worked in the mill more than five years). Measured levels of environmental particulates were similar over the entire period of operation of the plant (1.4 to 14-0 million particles per cubic foot and 0-7-88-0 fibres/cc in the mill; 02 to 2-7 mpcfand 06 to 9-3 f/cc in the mine). The exposed groups were more likely to report cough and breathlessness than the two other groups and were also more likely to have abnormal FVC and chest x ray films (the latter not significant, p > 005) and to be more likely to have a combination of these abnormalities. There was no trend to progression in the combination of abnormalities associated with exposure on follow up. The heavily exposed group showed a significantly worse trend in FVC. This adverse trend was confined to those with initial abnormalities. Tobacco smoking did not increase the trend to progression in this group.
The respiratory health effects of asbestos exposure have been shown to be related to the dose of exposure, the type of work in which the exposure occurred, and the fibre type to which the individuals were exposed. '"3 In many settings in which asbestos products are used the fibre type is mixed. In primary production in mines and mills, although the mined fibre predominates, others may also be present. Thus, for example, in some chrysotile mines tremolite asbestos is found. 4 One can usually only refer to predominant fibre types in health studies of these working populations. Canada is a major producer of chrysotile asbestos, this material being mined most commonly in Quebec. British Columbia supplies a small amount of asbestos from its chrysotile mine in the northern part of the province which was opened in the early 1950s. Mineral analysis shows pure chrysotile asbestos with no amphibole content.
In 1977 we were asked to undertake a respiratory health survey among the workers at this time. We reexamined this population in 1983. The following is a report of the study.
Accepted 22 June 1987 Material and methods STUDY GROUPS At the outset of the study three groups were selected. The first, the "exposed" group, included all employees who had worked at the mine for nine or more years. This group was further subdivided into two groups: one group (exposed, mill) had worked in the mill for five or more years and another group (exposed, other) consisted of all others, mostly in the open pit mine area. The second group, the "controls," included individuals of similar age whose employment at the mine was less than five years. The third group, the "residents," included all long term residents of the village. The control group could no longer be considered unexposed at follow up examination and must be viewed as an intermediate group.
METHODS
Questionnaire-A standardised questionnaire administered by trained interviewers included a medical section, a section on smoking habits, and a section on occupational history. 38 residents, 24 exposed (other), and 39 exposed (mill). The controls and exposed groups did not differ in relation to age or smoking habit. The town residents, on the other hand, were younger and less likely to be cigarette smokers. Residents and exposed groups had lived in the village for an average of about 15 years whereas controls had lived in the town only 2 5 years on average. Those in the exposed (mill) group had the longest seniority at the workplace averaging about 14 years, the exposed (other) group averaged about six years, whereas residents averaged less than a year and controls just over one year (table 1) . Table 2 shows the prevalence of respiratory symptoms in the various groups in the 1977 survey. The prevalence among controls and residents did not differ for any of the symptoms. Each symptom was ratios of 5-7 and 5-3 respectively compared with 1 2 and 2 0 for exposed (other) and 3-6 and 3 0 for town residents (neither significant), corrected for age, height, and smoking habit.
Of the x ray abnormalities in the exposed groups, the highest profusion value was 1/1. The total number of x ray films with parenchymal abnormalities considered definitely present was six (11%); one (2%) showed pleural abnormality. Table 4 shows the prevalence of asbestos associated abnormalities in the different groups. The highest prevalence for each of the asbestos associated abnormalities was observed among the exposed groups. Indeed, pulmonary crackles occurred only in exposed individuals. The increased prevalence, as compared with controls, was statistically significant for breathlessness and low FVC. Table 5 shows the frequency of the combination of abnormalities associated with exposure to asbestos. There are greater We attempted to determine whether the number of asbestos associated abnormalities was greater at follow up examination than at the first examination. For this analysis, the Stuart Maxwell chi-squared test was used. The occurrence of initial and subsequent asbestos associated abnormalities were cross tabulated and the rates (per cent) of regression and progression of the signs of asbestosis were calculated. For control and resident groups, the rate of regression exceeded the rate of progression (24% v 7%). For the two exposed groups, on the other hand, the rate of progression and of regression were similar (30% v 26%). The differences between the rates ofprogression and regression were not statistically significant in any of the groups.
Discussion
The most detailed studies of the respiratory health of chrysotile production workers have been reported since 1966 and come from Cyprus,9 Italy,'" and Quebec." 12 Other reports have originated from the Soviet Union and Africa. These studies have documented significant decreases in the environmental concentrations of asbestos fibres over the past 30 years.
Comparable radiographic assessments of chrysotile production workers are available from Cyprus and Enarson, Embree, MacLean, Grzybowski Quebec and showed a prevalence of irregular small opacities recognised as definitely present that was 10% for the former and 5% and 8% for the two latter sites. Pleural thickening was noted in 3-8% with a higher value seen in Cyprus. Chest x ray abnormalities were much more common in studies from Italy (29% and 13%).
Studies of lung function have been reported from Quebec and from Italy and in both cases levels of lung function were noted to be related to the abnormalities observed on the chest x ray film. The Quebec studies showed that both chronic cough and breathlessness on exercise were increased with increasing asbestos exposure, and although cough was also affected by tobacco smoking, breathlessness was not.
There has been only one report of longitudinal assessment of the health of chrysotile miners with combined physiological and radiological parameters.'3 In this study 75% ofan original 1000 workers were studied six years later using questionnaire, spirometry, and chest x ray examination. It was noted that regression in reported breathlessness was equally as likely as progression on follow up. On the other hand, the prevalence ofabnormal forced vital capacity was noted to increase (4-15%) and the chest x ray film was noted to progress to more severe changes (25-30%). The authors stated that, after adjustment for age and smoking habit, only the increase in breathlessness was significantly associated with the index of exposure used in the study.
Levels of asbestos exposure measured over a comparable period with those in Italy, Cyprus, and Quebec are lower in British Columbia, being similar to levels observed in the 1970s in the other sites. Unlike the other sites, there was no clear trend toward reduction in exposure levels up to 1975.
We have confirmed an increased prevalence of cough and breathlessness in the exposed groups, as in the Quebec studies. The decreased level of forced vital capacity was restricted to those working in the mill area, an area known for its high levels of exposure to asbestos fibres. The degree of FVC deficit in mill workers was of a similar magnitude to that reported in Quebec (8-9%). The prevalence of chest x ray abnormalities, especially pleural changes, was lower in this study compared with previously reported studies. This is particularly surprising in that the selection for this study included a prolonged period of exposure. On the other hand, measured levels of exposure were lower in the present study as compared with the other studies. In addition, the mineral in Quebec contains an amphibole component4 not present in British Columbia.
The study was hampered to a large degree by the great mobility and high turnover rate at the worksite. Such a phenomenon has been characteristic of the site
